The purpose of developing a mining project is to meet the demand for metals and minerals resources. This is obviously connected with the generation of a considerable volume of waste. However, one of the most important strategies in waste management is to select the optimum waste dump site. To face with this problem, managers go in search of the techniques that not only can consider the technical and economic factors but also take into account environmental aspects to get a better perspective on the problem under consideration. The merit of using multicriteria decision making (MCDM) model is to consider different criteria. One of the most standard techniques used for the formulation of a complex problem under different criteria is Additive Ratio ASsessment (ARAS). In this paper, the ARAS based group decision making (GARAS) for evaluating the possible alternatives under partial or incomplete information is proposed. The proposed model contains three main stages: (i) identifying the main and sub-criteria, (ii) evaluating the feasible alternative by using fuzzy GARAS
Introduction
Mining and its downstream industries play significant roles in most countries. Mining industry is influenced by a large number of laws and regulations owing to its unique features like mine waste, land subsidence, and environmental, water and air contaminations. In fact, mine wastes represent the highest proportion of waste produced by industrial activity, billions of tones being annually produced. Since the wastes comprise hazardous substances (e.g. acids and heavy metals), they are problematic and challengeable. Based on the study conducted over the recent century, mine wastes are one of the most dangerous structures that have been known to be the cause of death for more than 1000 innocent people over the past 80 years (Blight, 2010) . These show that the wastes often require monitoring, control, management, and safe disposal of dangerous wastes. The main problem in mines is that the waste produced by mining operation causes awful conditions from technical and environmental points of view.
Selecting a location is an actual nowadays problem, which is analysed by many authors. Bagocius et al., 2014a) analysed the selecting a location for a liquefied natural gas terminal in the Estern Baltic sea and Multi-person selection of the best wind turbine (Bagocius et al., 2014b; Hashemkhani Zolfani et al., 2013) presented model in shopping mall locating, presented Quality control manager selection processes, presented the Greenhouse locating, presented the prioritizing constructing projects of municipalities, (Peldschus et al., 2010) prepared the model of sustainable assessment of construction site selected the logistic centers location.
Therefore, it is necessary to make an attempt of diminishing the cost of failure derived from a potential site. One of the most popular strategies used in reducing the cost of mine wastes is to appropriately select a suitable site for storage. The selection of a dump site is a sophisticated practical problem comprising different perspectives that can be classified into the three main groups, including environmental, financial, and safety considerations. These criteria include a number of sub-criteria where each plays a key role in the process of waste dump site selection. Often these main and sub-criteria are in conflict with each other; therefore, the problem of selecting the waste dump site can be considered as a multi-criteria decision making (MCDM) issue.
The process of modeling an MCDM problem comprises a ten-step procedure: (1) define the problem under consideration, (2) identify decision makers or evaluators, (3) recognize the main or sub-criteria, (4) define the feasible alternatives, (5) select the MCDM technique(s), (6) calculate the importance weights of the criteria, (7) assess the performance of the alternatives with respect to the criteria under consideration by using the selected MCDM technique, (8) transfer the performance ratings of alternatives into commensurable units, if required, (9) conduct sensitivity analysis, and (10) make the final decision. Different algorithms are developed to solve the MCDM problem (Kaplinski 2009; Kaplinski & Tamosaitiene 2010; Zavadskas & Turskis 2011; Kaplinski & Tupenaite, 2011; Ruzgys et al., 2014) . Additive Ratio Assessment (ARAS) is one of the most recently developed methods of solving a sophisticated and complex problem . This technique utilizes a utility function value, determining the complex relative efficiency of a feasible alternative, for prioritizing a finite number of feasible alternatives. The utility function value is directly proportional to the relative effect of values and weights of the main criteria under consideration . The ARAS method has been used by different research Bakshi & Sarkar, 2011; Bakshi & Sinharay, 2011; Dadelo et al., 2012; Zavadskas et al., 2012; Kutut et al., 2013) because of having a number of advantages: (i) the computations defined in the process of modeling the MCDM problem are straightforward; (ii) the concepts have a profound logic (iii) this method contains a simple mathematical form in the pursuit of the best alternative, and (iv) the relative weights are incorporated into the comparison procedures.
However, in case of less or lack of information, all of the criteria and sub-criteria cannot be completely considered as effective factors in selecting the best alternative. This leads to an inherent uncertainty in the process of modeling. The uncertainty arises from two key sources: the uncertainty associated with the model parameters, and the structure of the model. The former is due to the fact that often criteria are ill-defined or unknown or immeasurable owing to lack of knowledge. The latter results from the structure of mathematical models that are employed to represent scenarios, and processes of interest are often a key source of uncertainty, due to the fact that models are only a simplified representation of a real-world system (Sadiq et al., 2004) .
In order to handle the uncertainty involved in the process of modeling, several techniques have been employed. Fuzzy logic, one of the most popular techniques in handling the inherent uncertainty, is a powerful mathematical tool for translating inaccurate and qualitative knowledge into numerical reasoning. This method is widely used for modeling a large number of practical and engineering problems, especially mining and tunneling issues like roof fall, tunneling risk management, equipment selection, maintenance strategy selection, mining strategy, shaft sinking selection, and road header performance. This method demonstrates its worth and potential application as engineering and practical problem-solving tool.
However, the ARAS technique is not capable of dealing with vague and uncertain problems involved in the process of modeling. Thus, without considering the inherent random uncertainty and/or imprecision of the parameter, the results are unrealistic and could result in unreliable assessment. The merit of using fuzzy logic is to take into account the uncertainty and to receive results more adapted to the real world problems. Therefore, fuzzy ARAS is employed to solve the problem of priority in decision making issues Turskis et al., 2012) .
The main purpose of this paper is to develop a model based on fuzzy group ARAS for evaluating and selecting the best waste dump site in Ayerma phosphate mine located in Yasouj, Iran. The Ayerma phosphate is a major phosphate-producing region and phosphate mining has been an important industry in the area. The process of phosphate extraction from the earth contains an underground mining operation. This deposit comprises an area with about 39 km 2 constituting a NW-SE trending symmetrical anticline including Kazhdumi, Sarvak, Gurpi, Pabdeh, Asmari, Gachsaran, and Quaternary formations.
Fuzzy Set Theory
Fuzzy logic, a branch of soft computing techniques, uses heuristic algorithms to provide rational solutions for complex problems. This mathematical tool employs linguistic terms instead of numerical values to describe a system or process. Fuzzy logic, introduced by Zadeh (1996) , is capable of computing with words. Therefore, this method has a key importance for many problems related to real world complexity.
When evaluating elements in sophisticated systems, decision makers or evaluators often like to evaluate alternatives or criteria in terms of linguistic variables such as very low, low, medium, high, and very high. Fuzzy logic is capable of dealing with the uncertainty and vagueness involved in the process of modeling. This technique uses the form of interval analysis to handle inaccurate information. A fuzzy set is a general form of the Boolean set theory, in which x is either a member of set A or not; whereas, a fuzzy number belongs to the closed interval 0 and 1, which 1 addresses full membership and 0 expresses non-membership.
Fuzzy GARAS Technique
Additive Ratio Assessment (ARAS), introduced by , is based on the concept that the phenomena of complicated world could be understood by using simple relative comparisons . The ARAS method not only determines the performance of alternatives, but also calculates ratio of each alternative to the ideal alternative Rabbani et al., 2014) .
In the system of the conventional ARAS technique, experts determine the weights of criteria and the ratings of alternatives by using precise values. In real world problems, it is often difficult for a decision maker to determine precise weights for criteria and alternatives with respect to the criteria under consideration (Yazdani Chamzini & Yakhchali, 2012) . The merit of using a fuzzy approach is to determine the importance or preference of criteria and alternatives using fuzzy numbers instead of crisp numbers to be more adapted to the real world cases. Therefore, fuzzy logic and ARAS technique are combined in the form of fuzzy ARAS to formulate the real world problems more accurately. On the other hand, the benefit from a group of experts or decision makers is to investigate all relevant aspects of decision making problems (Vahdani et al., 2011) . The fuzzy group ARAS (fuzzy GARAS) technique helps the decision team to conduct a comprehensive analysis for prioritizing the preference of the alternatives in presence of vague or imprecise information. The procedure of fuzzy GARAS can be defined as follows.
Step 1. Define the linguistic values for the evaluation criteria and feasible alternatives. In this step, the relative importance of criteria and the preference of alternatives are described by using linguistic variables (as shown in Figure  1 ) to rank the alternatives with respect to the criteria under consideration.
Step 2. Construct the fuzzy decision matrix. If assume that the number of criteria is n and the count of alternatives is m , fuzzy decision matrix will be obtained with m rows and n columns as following matrix:
where ij x is fuzzy value representing the preference of the i alternative in terms of the j criterion;
0 j x is the optimal value of the j criterion.
Step 3. Aggregate the ratings of alternatives respect to each criterion () ij x and fuzzy weights of evaluation criteria () j w . In order to aggregate the ratings of alternatives versus each criterion and fuzzy weight of each criterion, the arithmetic mean is applied.
Let the fuzzy ratings of all decision makers be TFNs
the value of the ith alternative respect to the jth criterion by kth decision maker. Then the aggregated fuzzy rating can be defined as ( , , ), 1, 2,..., (11) Step 5. Normalize the decision matrix. The ratio to the optimal value is used to avoid the difficulties caused by different dimensions of the criteria. Several algorithms are developed for calculating the ratio to the optimal value. However, the values are usually transferred into the closed interval 0 and 1. The matrix resulted from the normalization process can be defined as follows: Step 6. Calculate the weighted normalized decision matrix. The weighted normalized value is calculated by multiplying the weights of the criteria under consideration ( j w ) with the normalized fuzzy decision matrix derived from the previous step. The weighted normalized decision matrix is calculated by the following relations:
Step 7. Measure the optimality function. The following equation is employed for determining the values of optimality function of i-th alternative :
The biggest value for i S is the best, and the least one is the worst.
Step 8. Defuzzify the values of optimality function. The output obtained for each alternative is a fuzzy number. Therefore, it is necessary to convert fuzzy numbers into crisp numbers by defuzzification in order to compare the rank of dimensions. The procedure of defuzzification is to locate the Best Nonfuzzy Performance (BNP) value. Methods of such defuzzified fuzzy ranking generally include mean of maximal (MOM), center of area (COA), and  -cut (Chen et al., 2011) . In this study, the authors employ the center of area (COA) method to prioritize the order of importance of each dimension. This method is a simple and practical without the need to bring in the preferences of any evaluators (Wu et al., 2009 
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Step 9. Calculate the degree of the alternative utility by making a comparison with the optimum one 0 S . The utility degree of an alternative can be calculated by the following equation:
From mathematical point of view, the values acquired for i K belong to the range of [0,1].
Step 10. Rank the alternatives according to i K in descending order and select the alternative with maximum value of i K .
The Proposed Model Approach
The proposed model for evaluation of waste dump sites with respect to the evaluation criteria under consideration comprises three main stages.
1. Identifying the evaluation criteria. 2. Evaluating the feasible alternatives and selecting the best one.
3. Performing sensitivity analysis to analyze the robustness of the alternative priority.
The text sounds better when the same word forms or parts of speech are used when smth is listed, or even in the same sentence. These steps are briefly described below.
In stage 1, criteria that support the goals of decision making must be selected. Therefore, the feasible alternatives and the evaluation criteria are identified. In order to identify the evaluation criteria, a wide range of options should be firstly recognized; then, each one should be comprehensively analyzed; finally, the most important factors must be selected. A common technique for selecting the most critical parameters is to analyze the impact of each criterion on other criteria. According to the selection of the appropriate criteria can properly reflect the performance of the alternatives evaluated in a logical manner, this stage plays a critical role in the process of prioritization.
To calculate the relative weights of the indicators, the decision matrices for the main and sub-criteria are formed in the second stage. In order to determine the importance weights of the evaluation criteria and the preference ratings of the alternatives, experts form the decision matrices for both indicators and alternatives by using the scale given in Table 1 . Using the arithmetic mean, the evaluations established by different decision makers are aggregated into the final matrix to computation be conducted based on this final matrix. In the last stage, after calculating the final rank of the feasible alternatives, a sensitivity analysis is conducted to evaluate how the relative weights of the evaluation criteria influence the decision making process. Sensitivity analysis helps decision maker to understand how the overall decision is sensitive to small changes in the individual weights. In many situations, in which the definition of the relative importance of criteria is connected with uncertainty, the sensitivity analysis is a valuable and useful tool. The schematic diagram of the proposed approach is depicted in Figure 1 . 
The Implementation of the Proposed Approach
The method described in the previous section is employed for finding a solution for a real-life problem to reflect the potential application of the proposed model. Ayerma's phosphate deposit with an area of about 39 km 2 lies on north-west nose of Lar anticline in south-west of Zagros Mountains . Lar Mountains constitutes a NW-SE trending symmetrical anticline including Kazhdumi (Kz), Sarvak (Sa), Gurpi (Gu), Pabdeh (Pa), Asmari (As), Gachsaran (Gs) and Quaternary (Qt) formations. This deposit is situated in about 240 Km north east of Mahshahr port and the biggest sedimentary phosphate reserve in Iran.
According to the 16 Boreholes drilled in a total depth of 4000 Meters and the 35 tranches dug in this anticline with the extrapolation of 150 meters, Ayerma's Phosphate deposit has 81 Million tons of ore with 8,9 % grade P 2 O 5 as a row material. Geologically, this enormous reserve has been located in Pabdeh Formation by the age of Early Eocene-Late Oligocene (Daneshian et al., 2012) . This Formation overlies the Gurpi Formation and is disconformably overlain by the Asmari Formation in exploration area. The ore body has strike N45E, the dip varying between 12 to 16 degree towards north and about 13 kilometers in length with average thickness varying between 2-4 meters. The proposed approach for modeling the process of the waste site selection is described as follows.
Stage 1. Identify the evaluation criteria
The primary criteria are recognized from literature review (Hekmat et al., 2008; Rosendal, 2009; Sener et al., 2010; Ekmekcioglu et al., 2010; Moghaddas & Namaghi, 2011; Munawar & Fellner, 2013 ) and a number of face to face interviews with expert team. After preliminary screening and discussion with the expert team, the most important criteria are determined. Fourteen indicators are identified by using the procedure described above to be considered in the process of the waste site selection. These fourteen criteria are as follows; Dump capacity, Foundation condition, Waste volume, Haulage distance, Topography, Adjacent land use, Operation cost, Preparation expenditure, Reclamation expenditure, Flora and fauna, Effects on the underground waters, Effects on the surface waters, and Landscape and visual impacts. These criteria are classified into three main groups, including technical, economical, and environmental factors. As seen in Table 2 , the indicators are classified into three main criteria and fourteen sub-criteria. Table 2 , it can be seen that criterion TE1, TE2, TE3, TE5, and TE6 are the benefit type criteria that is, the higher the value, the better. The remaining criteria are cost category criteria, that is, the lower the value, the better. The locations of alternatives are "A1", "A2", "A3", and "A4".
Stage 2. Alternatives evaluation and selection using fuzzy GARAS
In the second step, allocation of linguistic ratings to the evaluation criteria and the feasible alternatives with respect to each criterion is implemented by the decision maker team, including a seven-expert group with a high degree of expertise and experience in waste management. In this manner, different professional skills and educational backgrounds are comprised in the team to make a more comprehensive investigation of the problem.
The linguistic ratings for the criteria and the alternatives are given in Table 1 . The final evaluation for the evaluation criteria performed by the decision makers ( i D ) is presented in Table 3 . Then, the linguistic variables are converted into fuzzy numbers. The fuzzy values resulted from previous step are aggregated by using the arithmetic mean method as presented in Table 4 . In order to obtain the global weights of the indicators, the values of the main criteria are multiplied with those of sub-criteria as listed in Table 4 . The fuzzy values for the indicators are defuzzified to rank them. After defuzzifing the fuzzy values, the final weights of the indicators are normalized by dividing each criterion weight by the summation of all criteria importance weight as shown in Figure 2 and the last column of Table 4.   Table 3 Importance of the evaluation criteria
For determination of the best alternative among the feasible alternatives, the fuzzy GARAS method is applied. To achieve the aim, the expert team evaluates the alternatives with respect to the criteria under consideration. After transferring the linguistic values into fuzzy numbers, in order to generate an overall score for the alternatives, the arithmetic mean method is employed to aggregate the ratings as presented in Table 5 . 
Figure 2. Final weights of the indicators
After normalizing the decision matrix, the weighted normalized decision matrix is calculated as presented in Table 6 . The optimality function is computed by using Eq. (16) as listed in Table 7 . ( 1.786,3.286,4.786) (5.214,6.714,8.214) (1.786,3.286,4.786) (7.214,8.714,9.786) (3.214,4.714,6.214) After calculating the optimality function, the values of optimality function are defuzzified by using Eq. (17). Then, by making a comparison between the degree of the alternative utility with the optimum one, the utility degree of each alternative is computed as resented in Table 7 .
Finally, the alternatives are ranked based on the value of . i K The alternative A3 with the highest score (0,8658) is selected as the best choice for the waste dump site in the Ayerma phosphate project. 
Stage 3. Sensitivity analysis
Sensitivity analysis, a powerful tool for evaluating the proposed model, is used to determine how "sensitive" a model is to changes in the value of the parameters of the model and to changes in the structure of the model (Breierova & Choudhari, 2001 ). In the decision making problems, this technique is usually applied to determine the effect of criteria weights on decision making and generates different scenarios that may change the priority of alternatives and be needed to reach a consensus.
In this paper, the sensitivity analysis is conducted to analyze the impact of criteria weights on the selection of alternative with best performance. For achieving the aim, forty one experiments are conducted as shown in Table 8 . From the table, it can be seen that weights of all criteria for experiments 1-39 are increased by 300 % while the remaining criteria are set to be constant. The main goal is to find out which criteria is most effective in influencing the decision making process.
In experiment 40, the weight of the cost type criteria is increased by 300 % and the others are set without changing whereas in the 41st experiment, the weight of the cost category criteria is constant and the others are increased by 300 %. The results of the sensitivity analysis are presented in Figure 3 . It can be seen from Table 8 and Figure 3 that out of 41 experiments, alternative A3 has the highest score in thirty eight experiments (experiments 1-2, 4-14, and 16-40). In the 3th experiment the alternative A2 is selected as the first choice. In the 15th experiment, A4 is the winner and in the remaining one experiment (experiment 41), A1 is come out as the winner. Therefore, it can be resulted that the process of site selection is rarely sensitive to the criteria weight with alternative A3 emerging as the winner (92,68 % votes). 
Conclusions
Mining waste has a significant impact on human health and the environment. Therefore, the problem of the optimum waste site selection plays a key role in the efficiency of the whole mining process. This problem is a sophisticated and complex issue because a huge number of criteria may influence the process of decision making. Thus, it is necessary to develop new methods that are not only capable of handling both tangible and intangible criteria, but also can take into account group decision making and uncertainty in modeling a decision making problem. These techniques help the authorities to properly solve the problem under consideration. The merit of using a fuzzy MCDM method is to model a complex problem by applying a number of criteria, often conflicting with each other, in the terms of linguistic values. The fuzzy GARAS technique is a branch of fuzzy MCDM methods based on group decision making that can formulate a problem through a logical and systematic methodology. In this paper, the fuzzy GARAS is employed for selecting the most appropriate site for waste dump in Ayerma phosphate mine in which the importance weights and preference ratings for the criteria and the alternatives are considered as linguistic terms. Although the proposed approach is applied to select the best waste dump site, it can be used to other MCDM problems with a finite number of alternatives, criteria, and decision makers.
